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(EN) OPTICAL EMITTING HEAD INCLUDING A LASER AND A MODULATOR 
(FR) TETE REMISSION OPTIQUE AVEC LASER ET MODULATEUR 

(EN) Optical emitting head consisting of a laser (6) and an external optical modulator (8). The 
modulating signal is modulated (12) by an electrical signal proportional to 1-e, e being the noise 
power superimposed onto the laser signal, before being applied to the optical modulator (8). The 
invention is suitable for fibre optical transmission applications. 

(FR) La tete d'emission optique se compose d'un laser (6) et d'un modulateur optique externe (8). Le 
signal de modulation est lui-meme module (12) par un signal electrique proportionnei a 1-e, e etant la 
puissance de bruit superposee au signal laser, avant d'etre applique au modulateur optique (8). Les 
applications concernent la transmission par fibres optiques. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1. When E Expresses Noise Power on which it was Superimposed on Signal Called Mean Power Po, The 
laser which emits the signal accompanied by the average photoelectrical force Po and instantaneous power 
Po (1+e) (6 14), It is the light emission head constituted by the external optical modulator (8 15) which 
modulates the above-mentioned lightwave signal produced from the above-mentioned laser based on the 
modulation electrical signal M. Modulating-signal M' directly supplied to the above-mentioned optical 
modulator (8 15) is a light emission head characterized by being an electrical signal proportional to M (1-e). 

2. The Above-mentioned Modulating Signal M is Electrical Signal Which Passed Electric Modulator (12 20) 
since Above-mentioned Signal M' was Produced, and was Constituted from an Above-mentioned Lightwave 
Signal by Modulation Input of the Above-mentioned Electric Modulator. 

Output M' by which C was supplied and the above-mentioned electric modulator was modulated is a light 
emission head according to claim 1 characterized by being proportional to CM. 

3. The Above-mentioned Modulating Signal M is Electrical Signal Which Passed Electric Modulator (12 20) 
since Above-mentioned Signal M' was Produced, and was Constituted from an Above-mentioned Lightwave 
Signal by Modulation Input of the Above-mentioned Electric Modulator. 

It is the light emission head according to claim 1 which C is supplied and is characterized by output M' by 
which the above-mentioned electric modulator was modulated when K2 and K3 were constants making the 
format of M— K2 CM+K3M. 

4. Above-mentioned Electrical Signal C Optical Coupler (7) Which it Connects [ Optical Coupler ] with 
Output of Laser (6) and Branches Lightwave Signal by Tap So that Acquired Signal May be Proportional to 
Po (1+E) The optical receiver which changes into an electrical signal the above-mentioned lightwave signal 
which branched by the tap (9), Filter which removes a dc component from the above-mentioned electrical 
signal It is the light emission head according to claim 3 which is equipped with the gain in inverse 
proportion to Po, and is characterized by creating the front stirrup of filtering using the amplifier (10) which 
amplifies the above-mentioned electrical signal behind. 

5. Above-mentioned Electrical Signal C Optical Coupler (7) Which it Connects [ Optical Coupler ] with 
Output of Laser (6) and Branches Lightwave Signal by Tap So that Acquired Signal May be Proportional to 
Po (1+E) The optical receiver which changes into an electrical signal the above-mentioned lightwave signal 
which branched by the tap (9), Amplifier (10) which is equipped with the gain in inverse proportion to Po, 
and amplifies the above-mentioned signal from the above-mentioned optical receiver (9) Light emission 
head according to claim 2 or 3 characterized by being created using the subtractor (11) which subtracts 
the signal by which magnification was carried out [ above-mentioned ] from a reference value. 

6. Above-mentioned Electric Modulating Signal C Optical Coupler Which it Connects [ Optical Coupler ] 
with Output of the Above-mentioned Optical Modulator (15), and Branches Lightwave Signal by Tap (16), 
Optical receiver (17) which changes into an electrical signal the above-mentioned lightwave signal which 
branched by tap By removing the component of the frequency of the higher one for a modulation Filter 
which obtains Po (1+e) component from the above-mentioned electrical signal Amplifier with which it has 
the gain in inverse proportion to Po, and the front stirrup of filtering amplifies the above-mentioned 
electrical signal behind, The light emission head according to claim 2 or 3 characterized by being created 
using the subtractor which the above-mentioned magnification is carried out, and subtracts the signal by 
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which filtering was carried out from a reference value. 

7. Above-mentioned Electric Modulating Signal C Optical Coupler Which it Connects [ Optical Coupler ] 
with Output of the Above-mentioned Optical Modulator (15), and Branches Lightwave Signal by Tap (16), 
The optical receiver which changes into an electrical signal the above-mentioned lightwave signal which 
branched by tap (1 7), Filter which removes the component and ********** of a frequency of the higher 
one for a modulation from the above-mentioned electrical signal It is the light emission head according to 
claim 3 which is equipped with the gain in inverse proportion to Po, and is characterized by creating the 
front stirrup of filtering using the amplifier which amplifies the above-mentioned electrical signal behind. 

8. The gain of the above-mentioned amplifier (10) be [ claim 4 characterize by to be control based on the 
output signal from the low pass filter (13) equipped with cut-off frequency so that it might be removed in 
order generate the output in which it connected with the output and juxtaposition of the above-mentioned 
optical receiver (9), and the noise frequency corresponding to the above-mentioned signal e be 
proportional to the mean power Po of the above-mentioned laser thru/or ] a light emission head given in 
any 1 term among 7. 

9. Above-mentioned Electric Modulating Signal C The Optical Coupler (16) Which it Has [ Optical Coupler ] 
Coupling Multiplier K1, is Connected [ Optical Coupler ] with the Output of the Above-mentioned Optical 
Modulator (15), and Branch a Lightwave Signal by the Tap The Above-mentioned Lightwave Signal from 
Output with which it Connected with Amplifier with Filtering (18) Which was Equipped with Effectiveness 
Eta and Equipped with Transistance RT, and the Above-mentioned Optical Coupler (16) was Combined 

In order change into an electrical signal, to amplify the electrical signal subsequently and to maintain only 
the above-mentioned noise signal of a low frequency It is created using the optical receiver (17) which 
carries out filtering of the above-mentioned electrical signal in a mode which controls the component of 
the frequency for a modulation of the above-mentioned signal which branched by the dc component and 
the tap. The above-mentioned coupler (16), the above-mentioned optical receiver (17), the above- 
mentioned amplifier (18), and the above-mentioned electric modulator (20) are the following relation. 



******** — the light emission head according to claim 7 characterized by things. 
10. A phase shifter (19) is [ claim 4 characterized by being inserted between the output of the above- 
mentioned optical receiver (9 17), and the modulation input of the above-mentioned electric modulator (12 
20) in order to generate a phase shift in which the noise component of above-mentioned modulating-signal 
M' of an input of the above-mentioned optical modulator (15) and the above-mentioned lightwave signal 
carries out phase inversion thru/or ] a light emission head given in any 1 term among 9. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Light emission head containing laser and a modulator This invention relates to the optical fiber 
transmission of an analog signal, and relates to the laser for performing optical fiber transmission of an 
analog signal especially, and collaboration of an optical modulator. 

Generally this collaboration is liked [ rather than ] using direct modulation laser. Change of the current 
which generates amplitude modulation affects emission wavelength about this type of laser in practice, and 
even if this change is slight, it will reduce the transmission engine performance in relation to color 
dispersion of an optical fiber. 

However, the collaboration with the external optical modulator of laser has another fault resulting from the 
low frequency noise called the relaxation noise generated by a certain kind of laser, and the laser especially 
used for transmission by the optical fiber. It is actualized as fluctuation of several% of order in the emitted 
power, and this noise corresponds to a narrow low-pass spectrum. In the case of the laser of a glass- 
erbium form, the center frequency of a spectrum is about 200kHz. The above-mentioned noise shown in 
drawing 1 a produces the following failures. 

The modulation input of an optical modulator receives the signal which consists of two or more subcarriers 
by which amplitude modulation was carried out, for example. An example of this signal shown in drawing 1 b 
is constituted by an audio and the video subcarrier, and the frequency spectrum of a video subcarrier 
corresponds to the vestigial sideband amplitude modulation called VSB-AM. The two modulated above- 
mentioned subcarriers express the channel in the field of television signal transmission, and since the 
modulating signal transmitted to the optical modulator constitutes multichannel frequency multiplexing of a 
television signal by which vestigial sideband amplitude modulation was carried out, it consists of a group of 
the channel which adjoined. As shown in drawing 1 c, redoubling of the lightwave signal accompanied by the 
above-mentioned radio frequency modulating signal moves the noise of laser around the subcarrier of a 
radio frequency signal. 

Like [ in the case of a video modulating signal ], if a frequency sideband has width of face larger than 
dozens of kHz, the above-mentioned noise will be finished within a frequency sideband. Two surrounding 
noises "Rhine" of a video subcarrier are correlated after a recovery, and on the other hand, since the 
spectrum of a video signal has the lowered sideband, in a baseband video signal, the noise of twice as many 
power as this produces it. Next, this noise level exceeds the threshold of the visibility of the video signal 
on a screen with the value to 10 thru/or 12dB, and produces the "SUKURIBBU ring" effectiveness on an 
image in this way. 

The solution known as "feedforward" is proposed to this problem. This is because the equipment which 
adjusts the power emitted between laser and an external modulator is inserted. The above-mentioned 
equipment is shown in dra wing 2 . A coupler 2 branches a part of power of the output of laser 1 by the tap, 
and is transmitted to the optical receiver 3 equipped with the built-in form amplifier changed into the 
electrical signal which controls the 1st external optical modulator 4 which operates considering a lightwave 
signal as a regulator. 

By suitable selection of coupling of an optical receiver, and the value of gain, it is a radio frequency 
modulating signal. 

Before a beam is transmitted to the external optical modulator 5 of receptacle **** 2, the noise of laser 
can be reduced effectively. 
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Since power is made one half by the property of the principle of an optical modulator, the 1 st fault of this 
solution is that the insertion loss of the coupler which decreases the usable optical output of laser 
remarkably, and an optical adjustment modulator arises. Furthermore, if the above-mentioned insertion loss 
is not taken into consideration, the maximum available output power is in agreement with the minimum 
value of the power of the fluctuation transmitted by laser with the property of the principle of adjustment. 
Other faults are related to the configuration of equipment, the gain of the equalization circuit represented 
by the optical receiver 3 which should be adjusted correctly, and the noise which should be amended and 
the amendment signal which must be completely in phase. A required optical modulator is quite cost 
quantity because of power adjustment at the last. 
The purpose of this invention is solving the above-mentioned fault. 

When the technical problem expresses the noise power on which it was superimposed on the signal with 
which e is called mean power Po, The laser which emits the signal accompanied by the average 
luminescence power Po and instantaneous power Po (1+e), It is the light emission head constituted by the 
external optical modulator which modulates the lightwave signal generated from laser based on the 
modulation electrical signal M, and modulating-signal M' directly supplied to light modulation is a light 
emission head characterized by being an electrical signal proportional to M (1-e). 

According to this invention, it is possible to solve the fault resulting from change of the wavelength of laser 
by use of the optical modulator in the exterior of laser. Furthermore, it is more possible than the power 
regulation unit of a "feedforward" form to restrict an insertion loss. Moreover, the cost for a configuration 
and implementation falls. 

Actual modulating-signal M' is generated based on the electric modulator which receives the original 
modulating signal M and the modulation control signal C. An electric modulator produces the signal of the 
form of K2 CM+K3M, when the signal proportional to CM, or K2 and K3 express a constant. In the case of 
the 1st, Signal C must be proportional to (1-e), and, in the case of the 2nd, Signal C must be proportional 
at e. In order to generate Signal C, a part of instant photoelectrical force branches by the output of an 
optical modulator to the tap directly from the output of laser. 

The description and advantage of this invention become clearer from explanation of the following given as 
an example with reference to an accompanying drawing. In an accompanying drawing Dr awing 1 a is drawing 
showing the noise power of the laser of a glass-erbium form, drawin g 1 b is drawing showing the frequency 
spectrum of a radio frequency modulating signal. Drawing 1 c is drawing showing the frequency spectrum of 
the output of an optical modulator. Drawing 2 It is drawing showing the equipment which controls the 
transmitted laser output by the advanced technology automatically. Drawing 3 It is drawing showing the 
noise rejection equipment for optical modulators by this invention. Dravying 4 is drawing showing the 
modification of the above-mentioned equipment. Drawing 5 is drawing showing one practical example of the 
above-mentioned equipment. 

The equipment of this invention explained below is shown in drawing 3 . 

For example, the laser 6 of a glass-erbium form is connected with the optical coupler 7 which branches a 
part of optical output emitted by laser by the tap through an output. The output corresponding to the trunk 
path of the above-mentioned coupler minds an optical fiber, and is a radio frequency electrical signal. 
In order to modulate an optical output as ******, it is directly transmitted to the input of the optical 
modulator 8 which has the function to receive this radio frequency electrical signal. As the result, it is 
considered desirable by the optical modulator 8 to obtain the optical output Po (1 / 2-M) on the optical 
output Po on the 1st output (1/2+M) and the 2nd output with an output, and M expresses the modulation 
ratio of the request between -1/2 and +1/2 with it here. This modulation ratio is expressed by change of 
the radio frequency signal supplied to equipment, and this radio frequency signal is called M. 
The output corresponding to the combined path is again connected with the optical receiver 9 which 
changes a lightwave signal into an electrical signal through an optical fiber. An electrical signal available 
with the output of a receiver 9 

It is proportional to the power emitted from ** and Laser Pi. 

If Po is the mean power emitted by laser and e is the noise power to mean power, the power Pi emitted by 
laser will make the format of Po (1+e). 

Therefore, if K is a constant depending on the loss in the optical fiber connected with the coupling 
multiplier and the optical receiver of an optical coupler 7, and the transform coefficient to the electrical 
potential difference of the optical receiver of an optical output, the electrical signal of the output of an 



JP,10-511186,A [DETAILED DESCRIPTION] 



3/6 s<—i> 



optical receiver is KPo (1+e). As this result, a receiver actually transmits an electrical potential difference 
and it is thought that K is expressed with the unit of a bolt/watt. Also when a receiver transmits a current, 
it is possible to perform same reason attachment. 

The above-mentioned signal is transmitted to the amplifier 10 equipped with gain Co/KPo, when Co 
expresses the constant explained below, next it is transmitted to the 1st input of a subtracter 1 1, the 2nd 
input is supplied, and the 1st input is subtracted from the electrical potential difference which has value 
Vref=2Co. The optical receiver 9 and amplifier 10 have both a certain pass bands so that the frequency 
(for example, hundreds of kHz) of change of instantaneous power may be maintained. The signal acquired 
with the output of a subtractor 
**, the following values in this way 

Co 

C = — xKP 0 (lie) + 2C 0 = (l»e) Co 

A subtractor 1 1 is easily realized by impressing offset voltage to amplifier 10. 

Signal C is supplied to the modulation input of the electric redoubling machine type modulator 12, and the 
signal M which should be modulated is transmitted to the 2nd input of the electric modulator 12. The 
above-mentioned signal M is constituted by for example, a frequency multiplex RF radio frequency 
television signal or the type indicated by drawing 1 b. These electric modulators are the following formats. : 
M -M (1-e) 

In order to obtain ******(ed) signal M', amplitude modulation of a radio frequency signal is performed 
through signal C=Co (1-e). 

Co is the value of the signal C when instantaneous power Pi is in agreement with mean power Po, and 
actual modulating-signal M' is in agreement with the signal M showing a desired modulation in this case. 
Above-mentioned signal M' is transmitted to an optical modulator 8 at the modulation input of opposite 
Perilla frutescens (L) Britton var. crispa (Thunb.) Decne. Generally this modulator has complementary two 
optical output P+ and P- and each optical output is accompanied by the power of the one half of input 
power to a zero modulation. When modulating-signal M' exists by disregarding the coupling loss and 
transmission loss covering the trunk path of a coupler 7, output P+ and P- are the following values. : 

P + = Pi ( — — +IVT ) 
2 

P- = P i ( — M' ) 

2 

It **** and the secondary term about the noise e smaller than a unit element is disregarded, 
P + = Po ( 1 + e ) [ -i- +M ( 1 - e ) ] 

L + e 

- P o ( +M) 

2 

1 + e 

P" - Po ( M) 



Thereby, the term of M.e corresponding to the noise in the effective band of a modulating 
signal does not exist. 

P o . e 

2 

Since it is out of range [ the spectrum of an effective modulating signal ], a radio frequency subcarrier is 
not blocked. In this way, the modulated signal of most things influenced by the noise of laser is lost. 
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However, this equipment has fixed mean power Po, and it assumes that the gain of amplifier 10 is 
calculated as a function of Po. When changing this value as a time-honored function of temperature or 
laser, concerning time amount, amelioration of equipment is performed by removing fluctuation of 
instantaneous power using a low pass filter, in order to measure the above-mentioned mean power Po and 
to control the gain of amplifier 10 based on this value. That the spectrum of a noise should be removed, 
this amelioration shown in drawing 3 with the broken line is performed by branching the signal of the output 
of the optical receiver 9 by the tap, making the output of this filter connect subsequently to the gain input 
of amplifier 10, and controlling the gain of amplifier 10 so that it may let the signal of the output of the 
optical receiver 9 pass in the low pass filter 13 equipped with the cut-off frequency of 1kHz order. 
A modulator 12 produces signal M-MC/Co. In order to make M' in agreement with M (1-e) when general 
rather than K2 and K3 are constant value to which one side expresses the effectiveness of a modulator 
and another side expresses the insertion loss of a modulator and a modulator is a modulator of the type 
made to generate signal M -K2 CM+K3M, the gain of amplifier 10 is the following values. 

G= 

K 2 KP 0 

2 - K 3 
Vref = 

There is ************ need and reference voltage Vref is a value. K 2 

it will not become, if there is no **********. 

In the above-mentioned explanation, since the signal which appeared in the output of amplifier 10 is 
proportional to (1+e), the subtractor is used, (on the upstream or the lower stream of a river of amplifier 
10) In order to remove a dc component KPo and to maintain the noise component KPoe, filtering of the 
signal transmitted by the optical receiver is carried out. Since the above-mentioned noise component 
generates signal M -M (1~e) by choosing the gain of amplifier 10 based on multipliers K2 and K3 so that it 
may turn out that it can realize about drawing 4 , the electric modulator 12 is supplied by it. 
Furthermore, although phase adjustment demanded between the noise signal e included in the laser signal 
which should be modulated, and the noise signal included in modulating-signa! M' is performed by adjusting 
the die length of an optical fiber next, a phase-shifter circuit may be used for it. 

Above equipment needs to save polarization of a light wave between laser and an optical modulator, and it 
depends for the engine performance of an optical modulator on the state of preservation. Therefore, 
generally as for the optical fiber between the coupler of the output of laser, and a coupler and a modulator, 
the shelf life of polarization is required. 

Other examples of the above-mentioned equipment can be finished without the above-mentioned specific 
coupler. Furthermore, it is possible to shorten the optical fiber between laser and an optical modulator as 
much as possible. This example is shown in d rawi ng 4 . 

Laser 14 is connected with an optical modulator 15 with an optical fiber. A part of lightwave signal is 
transmitted to the optical receiver 17 which consists of an optical/electrical converter through the optical 
fiber which the optical coupler 16 reproducing a part of lightwave signal was connected to either output P+ 
of this modulator, or P- and was connected to it with that combined output. The amplifier 18 connected 
with the output of an optical receiver amplifies and carries out filtering of the electrical signal. This 
amplifier is connected with the phase shifter 19 which an output delivers a modulating signal C to the 
electric modulator 20. The above-mentioned modulator 20 receives the signal M which should be 
modulated in the 2nd input, and sends out modulated signal M' which is sent to the modulation input of an 
optical modulator 1 5 to an output. 

Amplifier 18 extracts the noise e of the laser which passes through the inside of a low frequency and an 
optical modulator, thereby, Signal M is modulated, new modulating-signal M' of Format M (1-e) is 
generated, and such a signal restricts degradation of the modulating signal M by the noise of laser like the 
above. 

In order to perform this, the component of the above-mentioned equipment fulfills the conditions 
calculated below. 

Signal P- of the output of an optical modulator is the following formulas. : 
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P" = P 0 ( 1 + e ) ( M' ) 

2 

since — it becomes. 

If K1 is the coupling multiplier of a coupler 16, it is the effectiveness of a unit that eta is the amplifier/watt 
of the optical receiver 17, or a response coefficient and RT is transistance where the amplifier 18 was 
calculated, the output voltage S from an amplifier is the following values. : 

S =K i )!Rt P- =K, t?RtPo (1+e) ( — M' ) 

2 

It ****. 

(Although a receiver 1 7 is considered to transmit a current, the reason of it is the same as that of the case 
where an electrical potential difference is made to transmit.) 

In practice, the pass band of amplifier is a pass band where a direct current signal and the signal of 
modulation frequency are removed, and may perform this filtering with a separate filter. Term k1etaRTPo/2 
of a direct current disappear, and the term proportional to M' showing a radio frequency signal is also 
extinguished. By taking this filtering into consideration, the outputs S from amplifier 18 are the following 

K « 

S = R T P o n e 

values. : 2 

**. 

For the electric modulator 20, signal M' is generated as the part from the signal M which should be 
modulated, and a modulating signal C, and, generally, signal M' is the following formulas. : M - K2CM + It is 
expressed with K3M, K2 expresses the effectiveness of a modulator 20 among a formula, and K3 is related 
to the insertion loss of a modulator. 

If the signal C which modulates Signal M is an electrical potential difference S, modulating-signal M' of an 

M' = K* CM + K* M 

K, 

= K 2 R T P 0 7? e M +■ K 3 M 



optical modulator 15 is the following values. : z 
**. 

About above-mentioned signal M\ M (1~e) and in order to make it be proportional to K3M (1-e) especially, 

K,K 2 RtPo7? = ~ 2 K 3 

K, K 2 2 



various multipliers are the following relation. : K 3 R 7 P 0 V 

Since all possible change of the power Po of laser is coped with, it is possible to constitute amplifier so 

that Transistance Rt may be in inverse proportion to Po. 

Signal C is in agreement with Signal S after a phase shift in practice. 

The phase condition e between the amendment signal C with which the phase shift circuit 19 was 
transmitted to the electric modulator, and the signal which should be amended, i.e., the noise signal 
included in signal P- It is possible to save the zero point phase shift between the amendment signals C. A 
phase shifter A phase shift is generated with the phase shift resulting from the phase inversion and the 
loop formation in an optical receiver. The phase shift In the case of the laser of a glass-erbium form, a 
360-degree phase shift is produced near the frequency of the peak in the relaxation noise spectrum which 
is a narrow spectrum of the 200kHz circumference. The time delay within a loop formation is the order for 
150ns, and this corresponds to the phase shift of dozens of times to a signal with a frequency of 200kHz. 
In this way, the phase shift generated by the phase shifter 19 makes 170-degree order. 
If it says about the electric modulator 20, it is required for an electric modulator to be aperiodic to a 
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modulating signal, namely, it should not be made to depend for the actuation on the radio frequency signal 
on the frequency of radio frequency. 

It is the signal with which, as for a subtracter, amplifier 18 is proportional to 1+e as drawing 3 was 
explained. 

If it generates (i.e., if filtering only of the frequency of modulating-signal M' is carried out without carrying 
out filtering of the dc component), it will be used in drawing 4 . 

Furthermore, speaking more generally, not being essential as an example of this invention, though selection 
of two modulators equipped with the complementary output of two pieces can supply two subscribers' 
sequence to a cable optical transmission network by utilizing the output of the two above-mentioned 
pieces for coincidence at coincidence. 

Coupling enables the transfer to an optical receiver and it is very clear an electric modulator's to be 
similarly carried out about both outputs of the two above-mentioned pieces. 

Practical arrangement of the feedback loop which operates on the electric modulator of the equipment of 
drawing 4 is shown in drawing 5 . 

The above-mentioned arrangement is constituted by the sequence which two circuits which have a 
complementary transistor with the resistance which sets up the optical receiver and the amplifier which 
receives the lightwave signal generated from the optical coupler, and contains photo diode and the amplifier 
equipped with the variable resistance which sets up the gain of a loop formation, and a desired phase shift, 
and which can be adjusted become from the phase shifter containing the following inverter circuit, and the 
electric modulator with which it consists of a gallium arsenide field-effect transistor which operates as 
variable resistance. The original modulating signal is transmitted on a radio frequency input, and a radio 
frequency output is connected with the input of an optical modulator. 
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[Drawing 3] 



[Drawing 4] 
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